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ABSTRACT — In Drosophila melanogaster, a pair of dorsal longitudinal muscles in the fifth abdominal segment occurs in 
males but not in females. This male-specific muscle develops during metamorphosis. We examined how far the sexual 
identity of myoblast is involved in the formation of the male-specific muscle by transplantation of female myoblasts. A 
transformant strain which contains a 79B actin promoter fused to Escherichia coli /?-galactosidase gene was used as a 
genetic reporter. A part of wing imaginal disc from the male or female donor transformant was transplanted into the 
abdomen of the male host (wild-type). After the hosts were allowed to develop till pharate adult or adult stage, the 
male-specific muscle of the host was examined whether it expressed the reporter gene or not. The expression of the 
reporter gene in the host’s male-specific muscle was detected in both cases of donor’s sex. The results indicate that 
myoblasts, independently of their sexual identity, can participate in the formation of the male-specific muscle. Therefore, 
the information of the sexual identity in the myoblasts itself is not the prerequisite for the formation of the male-specific 
muscle. 


INTRODUCTION 

Sexual dimorphism occurs in musculature and nervous 
system of most organisms, as well as in the external appear- 
ance. In Drosophila melanogaster , a pair of longitudinal 
muscles in the fifth abdominal segment occur in male adults 
but not in female ones [10, 14, 16]. The male-specific 
muscle, as well as other adult specific muscles, develops 
during metamorphosis [3, 6, 10]. Myoblasts which form 
adult abdominal muscles lie on branches of peripheral nerves 
and proliferate during larval and early pupal stages. They 
migrate out across the segment along the adult epidermis and 
fuse to make multinucleate myotubles. Examination of the 
formation processes of the male-specific muscle during meta- 
morphosis suggested that the male-specific muscle would 
arise among the same pool of myoblasts to make other adult 
specific muscles in the 5th dorsal segment [10]. 

Differentiation of the male-specific muscle in males and 
the suppression of it in females is controlled by parts of 
sex-determining genes [19], although it is unknown that the 
action of the genes is autonomous in the muscle or non- 
autonomous. From the sex mosaic analyses, Lawrence and 
Johnston [16, 17] proposed that the formation is dependent 
on the innervation of the muscle by male-specific 
motoneurons but neither on a cell autonomous decision by 
sexual identity of the muscle fibers themselves nor on the 
sexual identity of the cuticular epidermal cells where the 
muscle inserts. In the present report, we examined directly 
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the relationship between the sexual identity of myoblasts and 
the differentiation of the male-specific muscle by myoblast 
transplantation experiments. We used a transformant strain 
that contains a 79B actin promoter fused to the Escherichia 
coli /?-galactosidase reporter gene, which is an useful dif- 
ferentiation maker of the male-specific muscle, because the 
79B actin gene is expressed only in the male-specific muscle in 
the segment [5]. The transplantation experiments using this 
transformant showed that even female myoblasts, independ- 
ently of the sexual identity, can participate in the formation of 
the male-specific muscle. 

MATERIALS AND METHODS 

Fly stocks 

Flies were reared on cornmeal-yeast medium at 25°C under 
constant illumination. Males and females from the wild type strain 
Canton-Special (CS) were used for the analysis of normal develop- 
ment. The transformant line 72-3 which contains a 79B actin 
promoter fused to the Escherichia coli ^5-galactosidase reporter gene 
(lacZ) was used [5]. The resultant /?-galactosidase is produced in 
muscles that activate the 79B actin gene [5]. For the staging of 
pupa, white pupae were collected and allowed to develop until 
desired stages at 25°C in a moisture chamber. Ages of these animals 
are given as hours after puparium formation (APF). 

Immunohistochemistry 

Mouse monoclonal antibody (Mab) 22C10 which stains the 
developing myoblasts and myotubles [10, 11] was used to follow the 
development of muscles during pupa. Immunohistochemical stain- 
ing was done according to the methods by Usui and Kimura [20]. 

X-gal staining 

X-gal staining for /?-galactosidase activity of the reporter gene 
was performed using the method described by Hiromi et al. [12] with 
slight modifications [20]. 
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Transplantation experiments 

Notum part of the wing disc contains many myoblasts (adepithe- 
lial cells) [2, 18]. The wing disc from the donor (72-3) strain at 
white pupal stage was dissected in phosphate buffered saline. The 
notum part of the disc was cut and transferred into the abdomen of 
the host (CS) strain at the same stage using a glass micropipette [7]. 
The myoblasts can be transplanted with the notum epithelial parts by 
this method [15]. The hosts are allowed to develop till pharate adult 
or adult stage. We could find the transplanted disc which had 
developed into adult tissue secreting cuitcle in the abdomen. The 
abdomen of the host flies was dissected and stained with X-gal, as 
described above. 

RESULTS AND DISCUSSION 

Figure 1 shows a comparison of adult musculature of 
dorsal abdomen between male and female. There are two 
types of muscles common to both sexes at least from the first 
to the 5th segments. One is dorsal oblique muscles of larval 
origin which persist throughout the metamorphosis. These 
muscles are temporally used for eclosion behavior and de- 
generate completely after eclosion [14]. The other is small 
dorsal longitudinal muscles which are newly formed during 
metamorphosis and continue to exist after eclosion. The 
male-specific muscle, a dorsal longitudinal muscle attaching 
the 5th abdominal tergite, can be distinguished from the 
others easily by its insertional position and length (Fig. 1). 

Immunostaining with Mab22C10 enables us to follow the 



Fig. 1. Polarizing-light micrographs of adult musculature of the 
dorsal abdomen in female (A, left half) and male (B, right half) 
just after eclosion (CS strain). Males and females have muscles 
common to both sexes, larval persisting oblique muscles (large 
arrowheads) and dorsal longitudinal muscles (small arrow- 
heads). A pair of extra thick longitudinal muscles (arrow) in 
the fifth abdominal segment occur only in male. The roman 
numerals in B indicate the abdominal segment. Bar in B, 
100//m. 

development of the male-specific muscle during the meta- 
morphosis (Fig. 2). At 24 hr APF, the myoblasts which 
form adult abdominal muscles have been migrating out across 
the segment along the developing adult epidermis (Fig. 2A). 
Then the myoblasts fused to make multinucleate muscle 
precursors and at 32 hr APF they had aligned on the adult 
epidermis (Fig. 2B). At this stage, the male-specific muscle 
could not be recognized. At 36 hr APF, the myotubles had 



Fig. 2. Micrographs of the right half of the 4th and 5th segment of dorsal abdomen, showing adult muscle development during 
metamorphosis. Preparations from males of CS strain were stained immunohistochemically with Mab22C10. A, 24 h 
APF. B, 32 h APF. C, 36 h APF. D, 48 h APF. Large arrowheads, small arrowheads, large arrows and small arrows 
indicate larval persisting oblique muscles, dorsal longitudinal muscles, the male-specific muscles and myoblasts, 
respectively. Bar in D, 10()/zm. 
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formed and the male-specific muscle can be distinguished 
from the other small dorsal longitudinal muscles by its 
insertion position (Fig. 2 C). At 48 hr, the muscles grow 
more (Fig. 2D). 

The growth of the male-specific muscle was followed by 
the production of contractile protein, actin. Six actin genes 
are known in Drosophila , which show the tissue-specific and 
stage-specific expression patterns [9]. In the male-specific 
muscle, it is ascertained that the 79B actin gene is expressed 
at adult stage [5] . We examined the temporal pattern of the 
expression of the 79B actin gene (Fig. 3), using the transfor- 
mant line 72-3 which contains a 79B actin promoter fused to 
Escherichia coli /?-galactosidase reporter gene [5]. Till 50 hr 



Fig. 3. Specific expression of the 79B actin gene in the male-specific 
muscle (arrows) during metamorphosis of the transformant 
pupae. The preparations were stained for /?-galactosidase 
activity with X-gal. At 50 h APF, the reporter gene is not 
expressed (A). The expression is seen at 54 hr APF (B). 
Thereafter, the expression became stronger as developed (C, 60 
h APF and D, 72 h APF). Bar in D, 100pm. 


APF, no expression of the reporter gene was observed in the 
male-specific muscle (Fig. 3A). The expression was ob- 
served at 54 hr APF (Fig. 3B) and became stronger as de- 
veloped (Fig. 3C and D). 

To understand how far the sexual identity of the myob- 
lasts is involved in the formation of the male-specific muscle, 
we examined whether female myoblasts can participate in the 
formation of the male-specific muscle or not (Fig. 4). First- 
ly, myoblasts in the wing disc were transplanted from the 
male donor (72-3) into the abdomen of the male host (CS) of 
the same age. After the hosts were allowed to develop till 
pharate adult or adult stage, we examined whether the 
male-specific muscle of the host expressed the reporter gene 
derived from the male donor nucleus. Out of 9 transplanta- 
tions, 6 hosts expressed the /?-galactosidase in the male- 
specific muscle (Fig. 4B), indicating that the myoblasts in the 
wing disc can participate in the formation of the male-specific 
muscle. However, when myoblast in the wing disc were 



Fig. 4. Expression of the reporter gene transplanted from a trans- 
formant donor into a wild type host. The lacZ reporter gene 
expressed in the male-specific muscle of the donor male (A: 
control). The male-specific muscle of a male host expressed the 
reporter gene derived from transplanted myoblasts of either 
male transformant (B) or female one (C). Arrows show the 
male-specific muscle which expresses the lacZ reporter gene. 
Arrowheads in B and C indicate the transplanted disc which had 
developed into adult tissue secreting cuticle in the abdomen. 
Bar in C, lOO^m. 
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transplanted from the male donor (72-3) into the abdomen of 
the female host (CS), the extra male-specific muscle nor the 
expression of the reporter gene were not seen in six female 
transplanted hosts. This indicates that the transplantation 
surgery does not affect the formation of the male-specific 
muscle. Next, we transplanted the myoblasts from 72-3 
female into the CS male pupa. Out of 5, three hosts showed 
the expression of the reporter gene from female myoblasts in 
the male-specific muscle (Fig. 4C). This result indicates that 
even the female myoblasts can fuse into the developing 
male-specific muscle and that the expression of the actin gene 
derived from the female nucleus can be activated. The 
expression of the reporter gene derived from female myo- 
blasts would be induced by some regulatory factors from 
host’s male nuclei in the syncytium. 

In Drosophila , determination of developmental fate in 
sexual dimorphic tissues is regulated through the activity of a 
cascade of several sex-determining genes [1]. It is shown 
that the differentiation of the male-specific muscle in males 
and the suppression of it in females are controlled by parts of 
sex-determining genes [19]. For examples, female flies 
mutant for allele of Sex-lethal or null alleles of transformer or 
transformer-2 are converted into phenotypic males that 
formed the male-specific muscle [19]. Thus, wild-type prod- 
ucts of the above genes act to prevent the differentiation of 
the male-specific muscle in female flies. Our results indi- 
cated that the cell autonomous decision of sexual identity in 
myoblasts themselves is not involved in the fusion process of 
myoblasts in the formation of the male-specific muscle. 
From the sex mosaic analyses, Lawrence and Johnston [16, 
17] proposed that the formation of the male-specific muscle 
depends on the innervation of the muscle by male-specific 
motoneurons but neither on a cell autonomous decision by 
sexual identity of the muscles themselves nor on the sexual 
identity of the cuticular epidermal cells at the cuticle where 
the male-specific muscle inserts. In the embryo of Dro- 
sophila, the myogenesis occurs before the completion of the 
innervation by motoneurons [2, 13], indicating that the 
myogenesis itself occurs without innervation by neurons. 
Recently, it is shown that the innervation by motoneurons is 
prerequisite for the later differentiation of the muscles, for 
example localization of the transmitter receptor [4]. 
However, in the formation of adult muscles during meta- 
morphosis, it is unknown how the neurons are involved in the 
processes of development of the muscles. 

Our results of transplantation experiments also showed 
that the myoblasts in the wing disc, which normally form the 
muscles in the thorax [8], can participate in the formation of 
unusual muscles at the different position, the male-specific 
muscle in the abdomen. Similar results were also obtained 
by Lawrence and Brower [15]. These facts indicated that 
the specificity of muscles had not been committed in the 
myoblasts of the wing disc at least by white pupal stage. 
Commitment of the specificity of muscles may occur fairly 
late, around the time of innervation by motoneurons. 

The male-specific muscle is an excellent material to 


investigate the relationship of innervating neurons and mus- 
cle differentiation. The identification of the male-specific 
motoneuron would help to reveal the mechanism of deter- 
mination and differentiation of the sexually dimorphic mus- 
culature. 
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